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Introduction

This Interim Progress Report covers research done under
Contract No. NASA Code SC-NsG-204-62-S1 for the period November 1, 1964
through April 30, 1965.

This is the third semi-annual interim report submitted during the
period of the current grant. The two previous reports were submitted on
the respective dates of May 1, 1964 and November 2, 196u4.

The current report is concerned primarily with the following areas
of presearch:

1. Experimental measurement of the flow dynamics of the annular

liquid layer

2. Determination of the amount of liquid entrainment in the vapor

core in annular two-phase flow

3. Reorganization of computer programming of data reduction process

4, Reorganization of and improvement of computer programming of

solutions of annular flow mathematical model

5. Constructuion of iustiuwneated one-inch diameter condenser with

improved instrumentation for additional heat transfer measure-
ments in condensing flow

6. Derivation of a mathematical model for annular-mist flow



Abstract

This report includes short descriptions of the progress of current
work in the several areas of research listed on the previous page in
the Introduction.

Experimental apparatus has been successfully developed for measur-
ing the flow characteristics in annular wave motion. Some experimental
data on the velocity, frequency and height of annular waves is reported.

From experimental impact pressure measurements with a 'Dussourd’
type impact probe, calculated data is presented, graphically showing
the concentration variation of liquid particles in the vapor core.

A print-out statement of the computer program for data reduction
is included and the progress of the computer solution program for the
rathematical model is discussed.

A discussion and diagram of the condenser test unit under con-
struction is given. This test unit is similar in dimensions to the
model now in use, however, it is instrumented with additional and im-
proved thermocouple installations so as to permit more precise de-
termination of the local condensing heat transfer coefficient on the
inside tube surface.

A deacription of the 'Annﬁlar Mist Flow' model is giVen, along with
a discussion of the development ot the mathematical analysis for this

system which has been undertaken.



Liqugd !aaer Me¢V1rements

The Test ocectlen descoribed on page 1 of the second Interim Report

of November 2, 1964 for measurenent of liguid laysr properties has been

redesigned and in operation for several months. Froblems involving the
civeuitry in the counting device have been solved and a method for
measuring the velocity of the waves on the liguid layer has been devised.
Recent results show good repcatability helping to establish a high level
of confidence in the data.

Briefly, the probes have been chang=d from those described irn the
earlier veport in the following manner: the probe is now mountad in
such a manner rthat the turming of a thumbscrew moves the probe up or
down, the amouat of movement is shown by & dial indicatesr reading in
thousandths of an inch. This drive mecharism is now thermally insulated
from the test section., The use of the dial indicator has proven to give
a more preclse probe positica indication tham the direct micrometer
drive mechanism used previcusly.

The thecry of coperation of the probes remains the same as previously
cdetailed in the zecond Interim Report of November 2, 1364, hut will be
veviewed briefly hers. There are two needle-contact probes mouunied on
2ach drive unit. The drive units are locatad fore and aft of a short
condenser section., The probes enter the tube through sezls in the tube
wall and extend over the tube cross section into the liquid layer on ihe
opposite wall. The probes are supplied with a positive d.cs veoliage
and the tubte wall is at ground. When the probas ccotact the liquid
fila on the tube wall the alpveult is completed end a sigrnal smanaves
Tre
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core. The signals are led both to a decade counter and to a dual beam
oscilloscope. The counter uses only the signal from the first of the
two contact needles, which is located 0.500 % 0.005 inches from the
rear needle, giving the number of voltage changes over a certain count-
ing period (10 sec.). Each of these voltage changes indicates contact
with a liquid wave. The oscilloscope displays the signals of both
probes. There is a characteristic scope pattern for the probes in the
steam core and a different pattern for the probes in the liquid layer;
when in contact with the waves a combination of the two occurs. By
comparing photographs of these patterns one can determine the time it
takes a particular signal (i.e., a particular wave) to travel from the
first to the second probe. This is, of course, the wave velocity. This
method works gquite well for deep waves but for shallow waves it has
proven unusable since there is some chopping of the wave crest. This
chopping effect is probably of the same order of magnitude as the
dimension of the small wave. At the present time, these are the only
known direct measurements of wave speeds in condensing flow.

The range of flow parameters covered at this time is not extensive.

The vapor velocities are in the range of 200-400 fps and total mass
qualities are high (greater than 80%). Within the above limitations of
flow conditions the foliowing results occurred:

1. With 10% to 20% of the total flow condensed between test probe
one--and test probe i&é"taﬁp;oximately two feet) the average
film thickness as a function of angular position changes from
annular at probe I {average thickness of approximately 0.002

inches) tc mnearly stratified flow at probe II (the average
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thickness of the bottem is approximately 0.046 inches dacreasing
rapidly to approximately 0.020 inches at 45° vp from the tube
bottom, then slowly falling to approximately 0,307 inches at
the top of the tube).

2. The ratio of maximum wave height to minimum wave height (thick-
ness of undisturbed liquid layer) generally decreases from the
bottem to the top of the pipe. The value of this ratio seems to
be a function of quality, the thicker liquid layers having the
largest numerical value of the ratio.

3. The wave velocities near the crest of the wave are in the order
of 10-12 fps and those at the wave trough are approximately
3-4 fps. These relative welocities between crest and trough

indicate the presence of roll waves.

3 ihoﬁépsvﬁipt of counts per second versus distance from the

waIi.'wT6“é§tablish waféJdimensions an arbitrary cutcff point was
established, i.e., the maximum and minimum wave heights are at those points
where the curve intersects the two counts per second line. The aversge
wave height is determined by the intersection of a horizontal tangent with
curve, |

Figure 3 shows the peripheral distribution of the average liquid
layer thickness. It shows the nearly symmetiric thickness distribution at
high qualities (Station I) and the stratification effects at lower
gualities.

Figure 4 is a reproduction of a oscilloscope photo showing the method

of determining wave speeds.
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Experimental Detevminaticn of the

Quantity of Liquid Farticle Entrainment in

The Vapor Core in Anpular Two~Phage Flow

The mathematical medel used to describe anmular condensing Flow
usad throughout this investigationvhas been based on the assumption of
a pure saturated #apor core. It was known frcm the beginn \in ng that this

~ assumption was inexact. However, no useful quantitative data was avail-

able as to the actual liquid droplet content to be expeéted in the vapor
core of an annular flew condensing system.

As reported on page & of the Interim Progress Report of May 1, 1964,
a so-called 'Dussourd' iype impact probe has been constructed {see also
Ref., 4) which makes possible the measurement of the true vapoy velociity
in a liquid droplet laden vapor stream. A considerszble amount of ax-
perimental informatién has been rsecorded during this investigation, which
was made pessible by use of this instrument.

Following is an analysis of cne aspect of the ‘Dussourd! probs data,
which makes pessible the experimental determination of the liquid droplet

conceniration in the vapor core of the condensing system.
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Referring to Figure 1, the following assuuptions are necessary in

order to calculate from the experimental data the droplet concentration

in the vapor core of the annular system.

1.

The droplet velocity entering the probe mouth is the same as
the vapor velecity of the local free stream.

The capture efficiency of the liquid droplets by the Dussourd
probe from the free siream is essentially 100 percent over the
cross section of the probe mouth.

The static pressure difference between Stations (1) and (2)
along the probe represents the so-called error in the measure-
ment of the impact pressure of the vapor by use of the pressure
at Station (2)‘as the stagnation pressure of the vapor. Thus

for the vépdf

Po = P2 - (p2 - p1) (13
or

Po = P2 - APp (23

where Ap = p, - p; is detarmined by extrapolating the experi-
mental measurements taken at the static pressure taps to the

mouth of the probe.

Considering the momentum interchange that takes place between the

mouth of the probe and the liquid interface inside the probe, one may

write

ApA = H V
Ppp © "Lp'Lp



where i&pis the total mass flow rate of liquid droplets entering the
mouth of the probe at a velocity VLp'
One may now define the local vapor concentration {quality) at the

probe mouth by

X = rar )

where ﬁvp is the mass flow rate of saturated vapor in the free stream at
this location for a cross section equal to that of the tube mouth.

Equation (4) may be written

1
. SR— (5)
1+ mLp/mvp

From the principle of continuity of mass flow in this steady state

system, we may write

w, =V, K, o, | (6)
and
o = Yy Ap P n

where 3; and EL are the apparent cross section areas occupied by the

respective phases at the probe mouth, and

Gt

AP'-: V*KL (8)

where Ap is the inside cross section area of the probe mouth.

Substituting from Equations (6) and (7) in Equation (5) one obtains

(9



Now from Equations (3), (6), (7), and (8) we may substitute for the
cross section area torms AL’ Av, and Ap in terms of the kuncwn or measured

quantities Pgs Pps and pp. We then find that the expression for droplet

concentration hecomes

® = ll (10)

( )(3)
14 | oo )
VLp pL/Ap -1 o,

It is worthwhile to examine Equation (10) for the limiting conditions

of (a) pure vapor flow (zero droplet concentration) and (b) maximum

liquid droplet concentration. For case (a) with very few liquid particles

present Ap -+ 0 and Equation (10) approaches

x + 1 =1 (11)

(3)

If the probe mouth were filled with discrete liquid particles, the

8
nir'o

<

maximum possible concentration of liquid would exist, case (b). If it is
assumed that the liquid particles nearly fill the probe mouth, then

ALp L] Ap and we may write

mLp = Ap VLp Py (12}

Then from Equation (3) we find

op A=A V2 13)
Pp %~ Up 'Lp L ¢
which reduces to .
e
N NS | (1u)
Ap
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Substituting Equation (14) into Equation (10) gives

x = 1 {15)
1+(.....1;..).p_¥‘.
1-1 pv
which reduces to
-1
x=93o° 0 (16)

indicating that no vapor is present as was assumed at the beginning of
this paragraph.

Thus Equation (10) satisfies both limiting conditions of maximum and
minimum droplet concentrations.

We see, therefore, that within the limitations of the three necessary
assumptions described at the beginning of this section, Equation (10)
can be used to calculate the droplet concentration in the vapor core of
an annular condensing stream.

The distribution of droplet concentration in the core of a condens-
ing annular flow has been calculated from the experimental probe data for
a range of test data covering total mass flow conditions from a pure
vapor flow to very low vapor content, with a vapor velocity range in
excess of 800 feet per second. Figures ( 5 through 7 ) show the variation
in droplet concentration by percent of mass flow for a number of different
tests. These figures clearly show that the droplet mass concentratiocn
in the vapor remains below 10% over the major portion of the condensing
tube. In addition, the droplet concentration seems to be primarily a

function of the mass flow ratio of vapor to liquid in the tube.



1l
It is expected that additional Dussourd probe measurements will be

made in the future to further confirm the results of these experiments.
It is also expected that the information developed to date will be useful
in the develcpment of the annular mist flow mathematical model discussed

elsewhere in this report.

Computer Program for the Reduction

of Experimental Data In Annular Two-Phase Flow

In the first Interim Progress Report of May 1, 1965 the system of
experimental data reduction was discussed on pages 7 through 10 of that
report. Very briefly, the system consists of several preliminary calcula-
tions and tabulation of the experimental data which is then punched onto
I.B.M. cards. The card deck is then processed by an I.B.M. 7040 program;
a copy of the print-out statement of one such program is given in
Figure 8 of this report. This data reduction program is under con-
tinual review and modification as changes are made in either the experi-
mental apparatus, the experimental operating conditions, and/or the
theoretical model used in the analysis of the system. An example of cne
change was a modification which made possible the acceptance of inlet
conditions which could include saturated liquid along with the saturated
vapor. Another modification was the addition of a subroutine which will
determine the local condensing heat transfer coefficients along the tube
axis.

A print-out statement of the complete data reduction program will

be included in the Final Report.
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Computer FProgram for the Analytical Solution of the

System of Equations Describing the Mathematical Model

Cne fundamental objective of this research project was the develop-
ment of a system of equations whose solution would satisfactorily
represent the local flow properties found in a high capacity condensing
tube. A system of such equations as well as several solutions of this
system were reported in ithe Final Report on Heat Transfer Studies of
Vapor Condeusing at High Veisoities in Small Straight Tubes for the
period Nevenber 1, 1861 througn Octoner 31, 1963 {see Ref. 1), The
computer solution of this same system of equations has been converted to
run on the I.B.M. 7040 digital computer. Several changes and modifica-
tions are incorporated into this new computer program. They are as
follows: (1) the use of a steam table subroutine in place of the present
exponential method to predict thermodynamic properties, (2) the intro-
duction of nigher order methods in the numerical integration process,
and (3) a polynomial curve fitting subroutine to assist in predicting

the derivatives of the changing thermodynamic properties of the fluid.
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Congtruction of a One~Inch I.D.

Condenser Tube with Improved Instrumentation

For Makigg Additicnal Heat Transfer Measurements

The instrumentation and construction details of a ome-inch I.D. 20~
foot long condenser test rig are described in the first Interim Progress
Report of May 1, 1964 for this project. The results of a series of con-
densing tests made using this tesé unit were reported in the>sec§ﬁd
Interim Progress Report of Noygmber'2, 1964. This same teqs.uhit has
been in constant use during the period of the current report. The current
experimental work is concerned primarily with the determination of con-
densing flow dynamics, such as wave height, speed, and fraquency. This
test work, which is described elsewhere in this report, is still in
prograss.

Experience with this one-inch I.D. test condenser, has revealed
some shortcomings in instrumentation and construction.

The problem of the measurement of the local outside surface temper-
ature of the condenser tube, has given the most difficulty with respect
to dependability and precision of measurement on the current test unit.
These surface temperature measurements are vital to the experimental
determination of the inside condensing surface coefficient of heat
transfer.

In order to make additional more accurate condensing heat transfer
measurements a new coandenser tube is being constructed. The basic design
of the new test unit is essenitially the same as the one currently in use,
howaver, certain changes and improvements have been incorpcrated. lYost

of thase changas ave dstailed in Figuves 9 and 10. Prcbably the most
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irportant chenge in construction invelves doubling the number of thermo-
couples used to measure both the outside suvrface temperature of the coa-
denser tube and the local temperature of the cooling water in the ansulus,
Other changes include an enlarged inlet plenum chamber and lengthened
adiabatic inlet section of the tube itself. Local static pressure taps
are attached to the outside wall of the condensing tube with silver
golder instead of lead soldexr. For the purpose of visual observation and
photography, a transparent glass section will be iInstalled downstream

from the contact wave prcbe apparatus now in use. A much smaller diameter
traveling impact probe will be used along with the sc~called Dussourd
type probe now in use. It appears that the Dussourd total pressure
correction measurements alveady taken can be calibrated against total
vapor to liquid flow ratio and used in conjunction with a much smaller
conventional impact probe for most tests. This will considerably reduce
the problem of flow variation and adjusitments as well as variation in
pressure logses in the tube due to the presence and position of the lavge
Dusscurd type ‘npact probe.

Additional digcussion of the problem of surface temperature measure-
ments on the 0.D. of the condenser tube is warranted at this point. The
technique of attaching a thermocouple satisfactorily to the outer surface
of the condenser tube is a delicate task for this installation. The
heat transfer system under examination is one in which the major portion
of the total resistance (maximu: temperature drop) to radial heat transfer
from the condensing vapor occuis in the comparatively thin liquid layers
on both sides of the tube wall. The resistance of the copper wall is

not a major factor in rhe tota! resistance and in any case can be
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calculated with acceptable accuracy. The resistance of the liquid laver,
¢f the cooling fluid on the.outside wall of the condenser tube, is
usually greater than that in the liquid layer on the condensing side.
This means that the temperature drop in the cooling fiuid film is the
major portion of the radial temperature difference between the two fluids.,
Any object such as a thermoccuple attached to the outside surface is
bound to affect the temperature distribution in this outer film to some
degree as well as the surface temperature at the point of attachment. A
further complication of the problem is the tendency to establish a small
node or lump on the surface, with whatever method of attachment is de-
vised. Thg situation sometimes arises that the thermocouple records the
temperature at scme location in the lump rather than the temperature of

the undisturbed surface. Any lump or node tends to act to some degree

3d gurfave with 2 temperature somewhat less than that of the
original surface, provided of course that the thermsl conductivity of the
material in the lump is not significantly less than the conductivity of
the tube wall, This then is another example of the classic problem of
the instrumentation affecting the‘measurement it is intended to reasure.
The design of the thermocccuple installation to be used in this
new test unit is intended to circumvent these problems as neavrly as
poasible. The thermccouple joint is to be submerged just below the
surface of the tube wall with the outer tube surface peened over the
thermocouple lead wires and smeothed to conform as nearly as possible to
the original surface. The two lead wires then follcw the submergad
channel circunferentially a short distance in oppesite directions from

the joint. They then zmerge from the surface and follew close to the



16
tube surface circumferentially a quarter of the way around the tube until

each wire meets a wire from the diametrically opposite theirmocouple.
These two unconnected wires are then led out of the annulus in an axial
direction in the same sheath (see Figure 10). Outside the test unit, the
proper wires are then recombined at the thermocouple junction switch.
The diametrically opposite thermocouples on the outside tube surface are
intended to facilitate the discovery of a bad thermocouple installation
as well as to improve overall accuraéy by averaging any circumferential
temperéture variation due to circumferential variations in fluid flow
distribution either inside or 6utside the condenser tube, Some experi-
mental work has been done to determine a better thermo-mechanical means
of installing the surface theﬁmocouples 8o as to give the best results.
Table 1 summarizes some of the details considered in this work. The
problem of locating and seéuring the thermocuuple lead wires and static
pressure lead lines in the cooling annulus has been considered. The
method selected was the installation of a series of circumferential rings
slightly smaller in diameter than the I.D. of the outer tube. The
pressure lead lines and thermocouple wires are to be secured to the
circumferential rings and held as closely as possible to the inside
surface of the outer tube. |

With the new test unit it is expected that the outer surface tempera-
ture of the condenser tube can be determined with sufficient accuracy.
This should make possible the determination of the local inside surface
coefficient along the length of the one-~inch I.D. condensing tube. The
resulting test data will then be compared with similar data recorded
previously on smaller condenger tubes, both at the University of Con-

necticut and at the Lewis Laboratory.
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Two~Phase, Annular-Dispersed Flow Model

(Annular Mist Flow)

Two-phase, annular-dispersed flow may be defined as a continucus
gas phase containing liquid particles (droplets) surrounded by a liquid
annulus in contact with the solid boundary of the duct. During the current
phase of the work, one of the limits of this model, that of pure annular
flow (i.e., no entrained liﬁuid particles in the gas phase) has been
analytically investigated. Inasmuch as the present experimental work
with the Dussourd probe has definitely shown the existence of liquid
particles in the gaseous core, the extension of the pure anaular flow
model to an annular-dlspersed flow model is a natural step in the ana-
1y%1cal investigation ‘of two-phdse single-component, condensing flows.

As in the case of the current annular mathematical model the annular
mist model is one dimensional and assumes quasi-thermodynamic equilibrium
(i.e., equality of temperature, chemical potential, and pressure, but not
of velocity) between the continuous gas phase and liquid annulus. Thus,
the principle difference between the two mathematical models will be the
inclusion of the interaction between the liquid particles and the gas
phase. Here, a similar-quasi-thermodynamic equilibrium is assumed to
exist.

At this point, a discussion of the above assumptions seems warranted.
The assumption of an equality of temperature across any cross section of
the tube implizs an infinite heat transfer coefficient betwsen the gas
phase and the liquid annulus, with which it is in contact--just as an

equal interfacial velocity would imply an infinite drag coefficient at the
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interface. This assumption may be too restrictive, and the elimination

of it would perhaps be a further step in the improvement of the one-
dimensional model. The assumption of an equality of chemical potential
does not enter explicitly into the gas-liquid annulus interaction, however,
the equality of pressure and temperature would imply this. For the gas-
liquid particle interaction, the equality of chemical potential could not
be assumed if nucleation theory is to be brought into the model.

The assumption of an equality of pressure between the gas and liquid
annulus follows from experimental evidence. For the gas-liquid particles
this assumption is quite reasonable if the particle sizes are not too
small, as seen by inspection of the Kelvin-Helmholtz equation which states
that the difference between the pressure of a spherical liquid droplet
and the equilibrium vapor pressure at the gas temperature is inversely
proportional to the droplet radius.

It is believed that as in the case of the current model a system of
ordinary, first order, non-linear simultaneous differential equations can
degcribe the annular-mist model. The system must contain the six de-
pendent variables (preésure, vapor mass flow rate, liquid particle mass
flow rate, vapor velocity, liquid annulus velocity, liquid particle
velocity) and the one independent variable--axial distance along the duct.
The governing equations for this system are the combined momentum, vapor
momentum, liquid particle momentum and combined energy equations. One
problem which arises is the prediction of the liquid particle growth and
size. This difficulty may be attacked in éither an analytical or empirical
manner. A semi-analytical approach requires use of nucleation theory to

predict particle concentration and growth along with a critical Weber
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number approach to predict the size of particles which are sheared from
the wavelike liquid annulus-gas interface. An empirical treatment would
make use of the apparently reproducible data from the Dussourd probe to
predict particle concentration, and a critical Weber number to predict
particle size.~ |

Such a system of non-linear differential equations may be programmed
for solution by a numerical integration process on an I.B.M. 7040
digital computer, as is done with the current model. To investigate the
stability of the solution, several integration schemes of various order
can be used, and to further increase the accuracy, subroutines predicting
saturated liquid and vapor properties, and slopes of these properties to

a2 high degree of accuracy may be utilized.
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The 0.4 cm delay between Trace A and Trace B
represents a time delay of 0.04 sec. The
velocity of wave is then
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Figure U4
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DIMENSTON TCWl211sPO{21)sPoTVILL) s VLILIUOU)Y s VI2L) oW (ct)onV(2L)
1 AVIZ21 Y e HOoTV(ZL ) s ToTVi 1) 200 V2 e Tolel) st 21 ) sl
& DLERVIZL)s ALCgLl) s wl{dl) osrv(21)90PVULIcL)saPVUV L)ooV igi)
REAL w7
REALI(S91) MTsAsTEOT srlOenme LYPESEPLLON
1 FORMATI(CELL eG4 I53F Te2sFT0391235FTats)
READISoZ2Y({TCW{ I eP(LI ) sPOlv(I})sI=kacl)
2 FORMAT(1UFT703/1UFTe3/1U0FTe3/1uUFTe2/10FTe3710FTe3/3FT23)
WRITE(653)
3 FURMAT{loH InPUT DATA eoes)
WRITE(G6+4)
4 FORMAT(TTH TeoT TOTAL MALS FLUW TOTAL ARLA  STAue NTHALPY  COU
LLING ®WATER FLuw TYPE )
WRITE(GsS)TESToniToAsHO W TYPE
5 FORMAT(IT9F17e80F1l2e09FLl0209F2049915)
WRITE (696)
6 FORMATIO9H 1 COULwWATLR TimPe STATIC PReSe STAGNATIUN PKes
15, )
WRITE(OsTY LTI oTCH(L)aPSII) sPSTVII))el=1ls21)
T FORMATIIO9F14eTsF18aT2F2009)
8 FORMAT(1l24n 1 VAP VEL HEAT OUT VAP FLUW Lluw Vet Llu FLua VAP
1 AREA LIu AREA LIQ ERTHPY VAP enTHPY STAG EnTrPY oTaG Temk  J
2 )
I=Uo
lu I=l+1
CALL STEAMT(TS(L)sPO(1 )9 Toe39090PVOUVII)oH)
CALL STEART(TolI)sPA»GsLsSsLPVOLSHLIT))
CALL STEAMT(TO(I)sPAsGelsos5PVOLIL) oH)
CALL T9ENT LlawloPoll)sTLerVIIIooVI1)eldowgsPOTVIL)s TSIV
1 HSTVI(I) 05TV )sPT)
VVII)=SQRT(24%32,2%7784#(HSTV(])~HV(])))
QUI)=WH(TCWIL)~TCwtl]))
J=1l,
VL(J)=U,
15 WYL =t I)=HO+MTR(HLI I ) AVLIV ) * %2/ 1 640 4% T Toe ) )/ LIVLIU)Y R L=
IVV(L)#%2)/(64e4%T7T8e)+HLLL)=RV(]))
DENV{I) =1/5PVOVI{I)
AVII)=wuV(I)/(DENV(I)*VVI]))
AL(I)=sA=AVLI])
WLOT)sMT-WV(])
DENL(I) =21./5PVOLI(1])
J=J+]
VLIJY=wl (1) /Z(OENL{L )*ALLL))
IFLABOSIVLIJ)=VL{J=1))=cPolUN) D250
dv WRITE(692L)JdyVLIJ)
21 FORMAT(15H J  Liw Vil /143F12a6)
22 IF(J=10l)1lbe40ue40
25 vL(1)=VvL{J)
WRITE (658)
WRITE(O6s30)LoVVII) ol I} oaVII)oVLII)onbk(I)saVII)onl{I)erbl i)y
1 HV(T Y sHSTVI ) sTSTVIL) sdJ
30U FORMAT(IZ»F9e49FlUetsiil0obsFYebsblUobstlOnd4orlOebstlcatboFlcabdy
1 Fl3e.6sFluchel3s)
IF(I~21) 1ue40940
4 CALL EXIT
END

PFigure &
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